We propose lyotropic chromonic liquid crystals (LCLCs) as a distinct class of materials for organic electronics. In water, the chromonic molecules stack on top of each other into elongated aggregates that form orientationally ordered phases. The aligned aggregated structure is preserved when the material is deposited onto a substrate and dried. The dried LCLC films show a strongly anisotropic electric conductivity of semiconductor type. The field-effect carrier mobility measured along the molecular aggregates in un-optimized films of LCLC V20 is 0.03 cm 2 V −1 s −1 . Easy processibility, low cost and high mobility demonstrate the potential of LCLCs for microelectronic applications.
The field of organic electronics in general and organic field-effect transistors (OFETs) in particular has gained considerable attention because of the emerging applications in flexible electronics and displays [1] [2] [3] [4] . As compared to silicon semiconductors, advantages of organic materials are solution-based processing, broader variety of device designs and often lower cost of fabrication. Especially promising are thermotropic liquid crystals (LCs) with their longrange orientational order, dense packing and adaptive structure that heals local defects [5] [6] [7] .
One first creates a LC precursor with a well aligned structure and then fixes it, typically by thermal quench and crystallization 8, 9 . There are two limitations 3 : (a) alignment of largearea monodomains is challenging and (b) the properties of thermotropic LCs are strongly temperature dependent. We propose to use the so-called lyotropic chromonic liquid crystals (LCLCs) [10] [11] [12] for OFET applications.
The polyaromatic cores of the LCLC molecules tend to stack face-to-face with a small separation of ∼ 0.34 nm, thanks to the strong π −π attractions, forming elongated columnar aggregates [10] [11] [12] . Polar groups at the periphery of the cores make the aggregates soluble in water. At sufficiently high concentrations, the columns form a nematic. The orientational order with dense packing is preserved when the aggregates are transferred from the nematic water solutions into thin films by shear deposition and drying [13] [14] [15] [16] [17] . Titled alignment of LCLCs is hindered by the aggregate structure 18 , thus the proper planar alignment can be achieved without special aligning layers. We show that dry aligned films of LCLC exhibit semiconducting properties with anisotropic mobility of charge carriers that is maximum along the aggregates. . Polarizing microscope texture of the nematic V20 cell (7.4%); right bottom part is covered by a glass; the left upper part is allowed to dry (c). The intensity of light transmitted by a dry V20 layer deposited from the nematic phase (7.4%, filled circles) and from the isotropic solution (3.5%, open circles) as the function of the angle between the shear direction and polarization of light; normal incidence; wavelength 567 nm that corresponds to the maximum of absorbance.
We used LCLC material Violet 20 (V20, Fig. 1a ). The perylene-based core of V20 is large, to enhance the π − π attractions and increase the mobility of charge carriers 19 . The nematic phase was formed in aqueous solutions with concentration (7.4-8.0) wt% 14 . The solution was deposited onto the studied substrates and shear-aligned using either a vertical spin coating (1500 rpm) 20 or an applicator rod. The film was dried at room temperature 14 .
The films are highly dichroic and birefringent, Fig. 2a ,b. Film deposition from more dilute isotropic solutions produce no long-range order, Fig. 2d . To illustrate that the oriented structure is preserved during drying, we prepared an unaligned sample of V20 and covered one part of it with a glass plate; the remaining part was left exposed to air to facilitate drying. density of charge carriers in the conductive channel. The OFET mobility in linear regime is calculated as
where V D is the source-drain voltage, C i is the capacitance of the gate dielectric. Using Eq.
(1) and data from curve 1 in Fig. 4b , one calculates µ F E = 3 × 10 −2 cm 2 V −1 s −1 along the aggregates, which is relatively high for a device that was not optimized by any special layer at the gate-LCLC interface. However, the measured OFET mobilities depend strongly on the details on sample fabrication, prehistory and ambient conditions. This confinement feature is known to enhance the mobility 28 . The strongly anisotropic conductivity is naturally related to the unidirectional alignment of the aggregates with a strongly reduced order in perpendicular direction, Fig. 3 .
The LCLCs represent a distinct and promising class of materials for molecular electronics. 
